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B pesynomami eéunpobysans 6cmanogieno, wo niocuneni pe2yib08anoio cucmemoro oaiku
oynu miyniwumu maidce na 40% nopisnano 3i 3eunaiinumu emanonHumu. Bonu Oynu Oinvu
JHCOPCMKI, MANU MEHULT NPOSUHU 3G OOHAKOB020 34 8eNUHUHOIO HA8anmadicenHs. Cucmema niocu-
JIeHHsL e(heKmUBHO nepepo3nooiisina 3ycuiis y 6anyi.

ITiocymoeyrouu Oitiunu BUCHOBKY, WO PO3IAHYMA 3 NAmeHmom Yxpainu pezynvosana
banka Ne3112733 mooice bymu egpexmusHoro y 6y0ieHUYymei ik npu Hosomy O6YOIGHUYMEI, MaK
i npu niocunenti esxce icHyrOuUx 6a10x 6ydigens ma cnopyo.
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Chekanovych M. H. Experimental studies of the strength and deformability of the regulated
Chekanovych beam

The study analyzes reinforced concrete beams known in international construction practice,
strengthened with internal and external bars. At the same time, it is noted that in the case of exter-
nal bars in the beams, the ability to redistribute forces to increase their strength and stiffness is
not used effectively enough.

The structure of a reinforced concrete beam reinforced with an adjustable system according
to the author's Ukrainian patent No. 3112733 was considered. The beam is strengthened by an
external transverse-longitudinal system of ties. The system regulates and rationally redistributes
stresses and deformations in the beam that strengthen it.

To evaluate the effectiveness of the beam reinforcement system, experimental laboratory stud-
ies were performed. The specified reinforced beams with force adjustment were manufactured.
In addition, conventional beams were made for comparison. For quality control, control concrete
samples were also produced.

Beam samples and concrete samples were tested in the construction laboratory of the uni-
versity. According to the results of load tests, the stressed and deformed states of the beams were
determined. Beam loading was traditionally carried out in the thirds of the span by two concen-
trated forces. The load was done with a mechanical jack for the possibility of fixing the deformed
State.

Based on the results of the tests, graphs of the dependence “bending moment — deflection”
and “bending moment — deformation” of the upper and lower fiber of the experimental beam
were constructed. The bearing capacity and strength of the beams were determined.

As a result of the tests, it was found that the beams strengthened by the regulated system
were stronger by almost 40% compared to the conventional reference ones. They were stiffer,
had smaller deflections under the same load. The reinforcement system effectively redistributed
the forces in the beam.

Summarizing, we came to the conclusion that the regulated beam according to Ukrainian
patent No. 3112733 can be effective in construction both for new construction and for
strengthening existing beams of buildings and structures.

Key words: strength, reinforced concrete beam, reinforcement, regulation, concrete, deflec-
tion, deformations.

Beryn. bankoBi KOHCTpYKIii BiAHOCATECS O MAacOBHX y 3aCTOCYBaHHI B OymiB-
HUITBI. IX yIOCKOHaNeHHs MOXe CyTTE€BO BIUIMHYTH HA Pe3ylbTaTH OyHiBHHUITBA, K
B MUPHUH 4Yac, Tak i IOBOEHHUH.

PerynboBaHi Ta caMOperyap0BaHi KOHCTPYKII IPEICTABIAIOTHCS EPCIIEKTUBHIMHI
y HalOmmKIoMy MaiOyTHhOMY. BuHaiieHHS HOBHX CHCTEM IIICHICHHS 1€ OIWH i3
HIISIXiB TIporpecy y OyAiBHUIITBI, a €KCIIEPUMEHTANbHE JOCTIKEHHS iX IepeBar Bif-
KpHUBa€ LUIAX JO IMIUPOKOTO BIPOBAKEHHS 1X y MpakTUKy [1-3].

AHaJi3 ocTaHHIiX qocaifzKeHb i myoaikaniil. Bigomi 3ami300eToHHI OamKky mosin-
IIEH] [TONEePEAHIM HaNpy>KEHHSM apMaTypH pO3TallloBaHOI B Tili OeToHy [1-4] Ta 30BHI
fioro [5; 6] 3au1st GLIBIIOT X YKOPCTKOCTI Ta TPIIUHOCTIHKOCTI. B Takux Oankax BaKKo
peryJroBaTH, MEpepo3NOAUIATH 3ycHiuisd. Po3poOieHi cHCTeMH 30BHIIIHLOTO ITif-
CHJICHHS, IO JIO3BOJIIIOTH Yy AESAKiH Mipi perymoBatd 1i 3ycwuist [7]. B Hux MoxHa
JIOCSITTH JISSTKOTO 30UTBIISHHS MIITHOCTI KOHCTPYKIIii [8].

Henonikamu BigomMux 0aioK € HEMOXKIIMBICTB 32 JOIIOMOTOI0 HATSHKHOTO €IIEMEHTY
CIpHUMaTH MaKCUMaJbHi IepeMIIeHHs TPOTUHY OalKy B OAHOMY MicCIli 1 mepeaaBaTu
MaKCHUMallbHI 200 3a/laHi BeJIMYWHM PEaKIIii CHJI MOCWICHHS B HIIWX 33JaHUX MICIISIX
Ha Oali 3a yMOBU CTBOPEHHS ONTHMAJIbHOTO PEXUMY IiACHIICHHS OaJIK, IO TpH-
3BOJUTS JI0 HEPALIOHAIBHOTO PO3MOALTY HAPYKEHb CUCTEMOIO ITOCUIICHHS, HEBUCOKOT
MIITHOCTI 1 3HauHOi AedopMaTuBHOCTI. Po3pobiieHa HOBa KOHCTPYKIIiS PeryibOBaHOI
Oanku [9], o B 3HauHii Mipi yCyBae 1 HEIOJIKH, aJie Le NoTpedye eKCIepUMEHTaNb-
HOI TIepeBipKy, MiATBEPIAKEHHS, SIKE paHillle He BUKOHYBAIOCS.

IMocranoBka mnpodaemu. OCKUTbKA BIIOMI EKCHEPUMEHTANBHI JOCIIKSHHS
MIITHOCTI Ta Ie(hOPMATHBHOCTI 3ali300€TOHHUX OaJOK HE MAaroTh MPSIMOIO BiJHO-
IIEHHS A0 HOBOI PEryIhOBaHOI OalKM 3alpOIIOHOBAHOI aBTOPOM, TO OIIHUTH IX
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e(eKTUBHICTb, JOIUIBHICTh JUIS 3aCTOCYBAaHHS Y BUPOOHUIITBI 1 OOTPYHTYBATH Maiixe
HEMOXITUBO. Y 3B’S3KY 3 IIUM CKCIIEpUMEHTAIIbHI JTOCIIHKEHHS MIITHOCTI Ta aedop-
MaTHBHOCTI 3a3Ha4Y€HOI BUIIE PETYIbOBAHOI OaJIKH MPEACTABISETbCA NEPCIEKTHBHOIO
y ramy3i OyAiBHUIITBA JUII MO>KIIMBOCTI IIMPOKOTO BIPOBAKECHHS 1X y MPakTUKY [5-9].

MeTor0 I0CTiIZKEeHHS € BU3HAYCHHS MIITHOCTI Ta JIe(hOpMATUBHOCTI 3ai1i300eTOH-
HUX 0aJIOK, MiICHIICHUX MTO310BKHBO-IONIEPEYHOI0 30BHIIIHBOIO CTAJIEBOIO apMAaTyPOIO,
BU3HAYNUTH BIIMB 30BHIIIHBOI CHCTEMH ITiACHIICHHS Ha HECYdy 3/IaTHICTh KOHCTPYKIII,
MOPIBHATH PE3yJbTaTH JOCTIHKCHb 31 3BUYAMHUMU 3ai300eTOHHUMH Oankamu Oe3
30BHIIIHBOTO MiACHUJICHHS.

Buxknax ocHOBHOTo MaTepiaJiy. 3alipoIIOHOBaHAa aBTOPOM CaMOpPETyIbOBaHa Oasika
BKITIOYA€ 3aJ11300€TOHHE TUJIO 3 3aKJIQJHUMU IJIACTHHAMH Ha TIOBEPXHI 1 3aTSIKKY, sSKa
B3a€MOJII€ 3 TIOMEPEUHOIO 30BHIIIHBOIO MOXUIIOKD apMaTyporo, 3aKpiMIeHoI0 10 Oalku,
a B CepeiHill YacTHHI 3 HATSDKHUM €JIEMEHTOM, IO OONHpPAEThCsS Ha HIDKHIO TPaHb
Oanku. JleTambHO KOHCTPYKINiSA OalIKK IpeCcTaBlicHa B TIATEHTI Ha BHHAX1X aBTopa [6].
Jna excriepuMeHTaNbHOT OLIHKH €(EeKTHBHICTh CUCTEMH IMiJICHUIICHHS OyJu BUTOTOB-
JICHHS 3pa3Ku OaJlOK Ta CYITyTHI 3pa3ku OCTOHY.

Jliis mpuroTyBaHHSA OETOHHOT CyMiNTi OyJjIM BUKOPHCTaHI: MOPTIAHIIIEMEHT 31 Ilia-
koM Opecbkoro nemeHnTHoro 3asoxy I1L IT b — III — 400. (xminkep 65-79%, rpany-
JTHOBaHMN AOMeHHHH nutak 21-35%, perysisTop CXOIUTIOBaHHS — CyIb(aT KalbIlilo);
ne0iHb rpaHiTHHH Qpakiii 1o 10 MM; MCcOK KBapIIOBHIA 3 MOTYJIEM KPYITHOCTI M, =3.4;
BOJIa MUTHA. 33 CTYIIEHEM PyXOMOCTI OETOHHA CyMII 3 0CaJKOI0 KOHyca 4 cM BiJIMOBI-
nama — I1-4.

Crutaz; 6ETOHHOT CyMilll, MPUHHATHH IS i1 IPUTOTYBaHHS, HAaBeISHWIA y Ta0mwii 1.

Tabmums 1
Crkiag 6eToHHOI cyMilni, npuiiHATHI 1)1 BUTOTOBJIEHHS 3Pa3KiB
Burparu marepiaJjiB, Kr/m® 6eToHy B/
IEeMEHT, KT miCOK, KI' mediHb, K
430 650 1105 0,5

banku GetoHyBaNM TBOMa CepisiMH, 3alie)HO Bij kKoHCTpyKIii. Cepis I — BO-II-2 —
3BUYaliHA 3a11300eTOHHA Oanka JoBkuHOI0 2100 MM 3 po3MipamMu NOMEPEYHOTO TIepe-
pizy 200100 mm 6e3 minmcwieHHs. [IporieHT apmyBaHHS OeToHy ckianaB -1,95%.
Cepis 11 — BIIC-III-3 — 3amizo0eToHHa OajKa TaKHX K€ PO3MIpIB IiJCHJICHA 30BHIIII-
HBOIO cuctemorto [9]. [IponieHT apMyBaHHS OETOHY TOM XKe.

®dopmu [utst 3paskiB (puc. 1) ckiaamanucs 31 CTaJeBOro MiJI0HY, IBOX MOB3IOBKHIX
Ta JBOX TOPIEBHX OOpTiB. MiX MiJIOHOM Ta OOpTaMu BKJIaJIalH yIIiTbHIOBaY. Bumpo-
OyBaHHs CTAaHIAPTHUX 3pa3KiB OCTOHY BUKOHYBAJIOCS 3a JOIIOMOTOIO MPECY TiIpaBtid-
Hoi mii IT 125/62 (puc. 2).

Tabnurs 2
Busnayenns MinHocTi 0eTOHY PyHHYIOYHM METOI0M
Ne Po3mip 6eTtonHOr0 Maca Pyiinyioue Mingicts Gerony

3pa3ska, Ha cTHCK [,

3/m 3pa3ska, cM HABAHTAKEHHS, KI'C c.cube
KI MIla
1 10x9,9x10 2,392 41520 39,84
2 9,9x10x10 2,371 33400 37,81
3 10x10x10 2,383 41100 39,04
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Puc. 1. @opmysanns docnionux 6anox bO-1I-2 i BIIC-111-3 ma cynymmuix 3paskie

Puc. 2. 3acanvnuii suenso eunpobysanns Kyoa bemony

Pesyneratn BU3Ha4eHHS KyOKOBOi MIIHOCTI OeTOHy OaloK Ha CTHUCK HaBEICHO
y Tabnmi 2.

CxeMma BUIIPpOOYBaHHS Ta 3aralbHUI BUTIISA BUIPOOYBAHHS JOCTITHUX Cepiid OaIoK
MMOKa3aHO Ha PUCYHKax 3—6.

Puc. 3. Cxema nasanmaowcenns d6aaxu BIIC-111-3
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Puc. 4. 3acanvnuii éuensno eunpobysanus oarku BIIC-111-3

Puc. 5. Xapaxmep pyinysanns 3anizobemonnoi oarxu BIIC-111-3

Puc. 6. 3acanvnuii 6uensio sunpobyeanns seuyainoi 6arku bO-11-2

BinmoBinHO 710 TpaaHIiiHOT METOMKHY MPOBEICHHS SKCTICPUMEHTAIBHUX BHIIPOOY-
BaHb Oasok Oynu BH3HAuUCHI nedopMallii 6eToHy Ta mporunu 6anok. Ilin miero 3ocepe-
JUKEHOTO HAaBAaHTAKEHHS BU3HAYANIACS IHTCHCUBHICTH POCTY MPOTHHIB, @ TAKOX PO3IIO-
JIT nedopmaliiid o BUCOTI OajKu.
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ITicnst 0OpoOKM pe3ynbTaTiB, OTPUMAHUX 3a JOTIOMOTOI0 BCTAHOBJICHHUX 1HANKATOPiB
TOJMHHUKOBOTO THITY, OyJId 1MOOymoBaHI Tpadiku 3alie)kKHOCTI Aedopmaliiid Bix Belu-
YUHM 3THHAIEHOTO MOMEHTY JUIsl 3BHUAHOI He miacuieHoi oanku bO-11-2 (puc. 7).
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Puc. 7. I'pagixu 3anexcnocmi ghibposux oeghopmayiii 8i0 32UHATLHOLO MOMEHMY
3paskie 3euuaiinoi barku bO-I1-2

[Tpu 3runaneHOMY MOMeHTI M = 13,1 kH'M 1o nieHTpy Oayiku 3’ sIBHIIACS BOJIOCSHA
TpimuHa 3 mUpuHO po3kputTs 0,015 MM . [Ipu 3HAYeHHI 3rHHANEHOTO MOMEHTY
M = 25,47 xH-M 3’siBUIMCH MOXWJII TPIIIMHY Y OMOPHUX 30Hax Oanku. [Ipu BemmuuHi
MomMeHTy M = 32,05 kH-M BinOymnocs 11 pyliHyBaHHS.

Juns nmincunenoi 6anku cepii BIIC-111-3 Ha pucyHky 8 HaBeneHO rpadiku 3a1eKHO-
CTi BIIHOCHHX TO3/IOBXKHIX IedopMallii BiJi BEIMYMHU 3rHHAJIHLHOTO MOMEHTY.
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Puc. 8. I'pagixu sanexcnocmi «3eunanoHu MOMeHm — 8IOHOCHI Pibposi depopmayiin
ons niocunenoi oanxu cepii BIIC-111-3

Jlns 6anku BIIC-11I-tipu 3ruHanpHOMY MoMeHTI M = 18,95 kH'M 3’sBuitacs BoJio-
CsiHa Tpill[MHA IO HEeHTpy Oanku. PosmrapyBaHHS OETOHY y BEpXHilM CTHCHYTIH 30HI
BifOynmocs mpy 3ruHAIBHOMY MOMEHTI M = 46,42 xH-M, 110 BiANOBiAaI0 BUUEPIIAaHHIO
HECYYOi 371aTHOCTI MiZICHICHOT OaIKu.

IIpu npoBeneHHI BUNPOOYBaHb 3BUYAIHOI Ta MiACWICHOI 0aJIOK BUMIpIOBAIU MPO-
THHH eKCIIEPHMEHTAIbHUX 3pa3KiB 3@ JOIOMOTOI0 iHAMKATOPIB TOXUHHHKOBOTO THILY,
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BCTAaHOBJICHUX Ha CIEIialibHil MeTaneBiil pamiii. baiku HaBaHTa)KyBalld CHMETPHYHO.
Ha pucynky 9 HaBemeHO miarpamy 3aJIe’KHOCTI «IIPOTHH — 3THHATBHUNA MOMEHT» UIS
3BuyaiiHoi 6amku cepii BO-1I-2. Ha pucynky 10 HaBemeHi miarpaMu 3aJIeKHOCTI «IIPoO-
TMH — 3THHAJIBHUA MoMeHT» g migcumiieHol 6anku BIIC-I11-3. B Tabmuii 3 HaBe-
JICHO eKCIIEPUMEHTANbHI 3HAYCHHSI MAKCHMAIFHUX MOMEHTIB, IIPOTHHIB Ta BiTHOCHHUX
nedopmatiiii CTHCKY.
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Puc. 9. liaepama «npoeun — 3eunanvruti momenmy oas sguuainoi oanku 5O-11-2
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Puc. 10. diacpama «npocun —momenmy 0ns niocurenoi 6arxku BIIC-111-3

Tabmuus 3
Pesynbrarn BUnpoOyBaHHs 0a/10K
. M ., W (mpu M=32 kH-m) "
HaiimenyBannst o . W, Mm g, x10
banka BO-11-2 32,05 13,0 13,0 245
banka BIIC-I11-3 46,42 20,2 12,4 348

BucnHoBk# i npono3uiii. Y po0oTi JociikeHa caMOperyaboBaHa HafiiHa KOH-
CTPYKIisl OaNKu, 10 €(PEeKTHBHO MiJACHIIOIOTHCA MO3I0BXKHBO-TIONEPEYHOI0 30BHIIII-
HBOKO CHCTEMOIO TSDKIB TpW Jii Ha Hei 30BHINIHBOTO HABAHTAXKCHHS, MUISXOM paili-
OHAJIBHOTO TIEPEPO3MONLTY HANpPYKECHh MK CTHCHEHOIO Ta PO3TATHYTOI 30HAMH
3a JJOTIOMOTORO JIETKHUX 1 THYYKHX €JIeMEHTIB, IO MPAIIOI0Th Ha PO3TAT.
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3a pesynbTaraMu BUIIPOOYBaHHS BCTAHOBIJICHO, 110 301TBIICHHS HECY4Oi 3IaTHOCTI,
MIITHOCTI MiACHIEHNX 0aJIoK cKi1ajo 44 %, MOpiBHIHO 31 3BUYaitHOIO0 OaKoro. [ledopma-
TUBHICTB IMiJICHJICHUX OAJIOK IIPH [[-OMY OyJia MEHIIIOO TIOPiBHSHO 3 €TAJIOHHOKO OATKOIO.

[TincunenHs 6anoK PO3MITHYTOK MO3I0BKHBO-TIONIEPEYHOI0 30BHIIIHBOK CHCTE-
MO0 TSDKIB € e()eKTHBHHM 1 TaKa KOHCTPYKIIiS MOXKE pEKOMEHTYBATUCS ISl IITUPOKOTO
3aCTOCYBaHHA IIPU HOBOMY OYyNiBHULITBI Ta MPH MiJACUIICHHI BXKe iICHYIOUHUX Oanok Oymi-
BEJIb Ta CIOPYA.
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